Objective-To evaluate the relationship of race/ethnicity to cognitive and language scores on the Bayley Scales of Infant and Toddler Development 3rd edition (BSID-III) in extremely preterm toddlers (<28+0 weeks' estimated gestational age).
Keywords development; prematurity; Bayley Scales; BSID
Children born premature and extremely low birth weight (<1000 grams) are at high risk of developing intellectual and language difficulties. [1] [2] [3] These children are more likely to receive special educational assistance and/or repeat a grade than their normal birth weight peers. 4, 5 Early childhood intervention can improve cognitive, academic, and social outcomes. 6, 7 Early assessment of cognitive functioning in preterm children permits delivery of appropriate interventions to improve their cognitive and behavioral outcomes. In order to determine which interventions are needed, early assessment tools must identify the specific nature of developmental deficiencies.
Prior to 2005, the Bayley Scales of Infant and Toddler Development 2 nd edition (BSID-II) was the standard tool for assessing outcomes for high risk infants at age two. 8 The BSID-II had several design weaknesses, including the fact that language skills were not evaluated separately from cognition, but were distilled into a single score, the Mental Developmental Index (MDI). We demonstrated higher overall BSID-II MDI scores in White children than in Hispanic-White or Black children that were not explained by socioeconomic status or maternal education. 9 The cause of this difference is undetermined. A third edition of the Bayley Scales of Infant and Toddler Development (BSID-III) has been developed, 10 and is now being used exclusively throughout the Eunice Kennedy Shriver National Institute of Child Health and Human Development Neonatal Research Network (NRN) centers. The newer BSID-III has a separate language composite score that is further subdivided into expressive and receptive components. This more detailed characterization of language development may facilitate a better understanding of the development of cognitive function. However, the effect of race and ethnicity on BSID-III scores has not been described, and must be assessed in order to determine whether this may be a psychosocial factor associated with BSID-III scores, as was the case with the BSID-II. In addition, the inclusion of a separate language domain may affect the previously noted association between race/ ethnicity and BSID scores, but this has yet to be determined.
The objectives of this study were to compare cognition and language scores in extremely preterm children at 18 to 22 months corrected age as measured by the BSID-III among different racial and ethnic groups while adjusting for various medical and psychosocial factors, including maternal education level. We hypothesized that 1) differences would be found between groups on the BSID-III composite scores of cognition and language at 18 to 22 months corrected age in children who were born <28+0 weeks estimated gestational age (EGA), 2) differences between groups would be found in the expressive language subtest, 11 and 3) identifiable medical and psychosocial factors would be associated with any observed racial and ethnic differences in cognitive and language skills measured on the BSID-III.
METHODS
This study was a retrospective cohort study of children born at <28+0 weeks EGA at the sixteen centers of the NRN who were evaluated at 18 to 22 months adjusted age during the period of January, 2008 to June, 2009. Based on historic enrollment patterns in the NRN, we restricted this study to infants coded "White", "Black" and "Hispanic-White" to have an adequate sample size in each cell of >30 subjects. Sample size calculations indicated that a sample size of 369 Whites, 162 Blacks and 79 Hispanic-Whites would be adequate to detect a difference between groups of one-half standard deviation on each of the BSID-III cognitive and language composite scores with 90% power. Therefore, given past NRN enrollment patterns, the population anticipated to be evaluated January, 2008 to June, 2009 was considered more than adequate to evaluate the hypotheses proposed for this study. All subject data were collected prospectively.
The study sample included all children born <28+0 weeks EGA in the three race and ethnic groups who were evaluated using the BSID-III examination and a neuromotor examination at 18 to 22 months corrected age. Children with missing values for BSID-III scores or race and ethnicity were excluded from this study, as were children in race and ethnic groups containing ≤ 30 children as described above. Subject data were collected from the NRN Generic Follow-up Database. 12 Bayley Scales of Infant Development, 3 rd edition BSID-III scores range from 55-145 for the cognitive scale and 45-155 for the language composite scale, with scores of 100±15 representing the mean ± 1 SD. The average reliability coefficients for the BSID-III scales in premature infants are all greater than 0.94. 10 For this study, the BSID-III was administered by experienced testers at each site who had been certified by one of four NRN gold standard examiners. The BSID-III was administered in Spanish to those children whose primary language was identified as Spanish. In these instances, either a bilingual examiner administered the test or an interpreter was used to translate the test items. 
BSID-III

Neuromotor Examination
The neuromotor examination is performed by a certified NRN examiner. The Gross Motor Function Classification System (GMFCS) 13 for cerebral palsy is a classification system that spans from 0-5 (0 = normal) and is based on self-initiated movement with emphasis on sitting (truncal control) and walking. Moderate to severe cerebral palsy is defined as a nonprogressive central nervous system disorder characterized by abnormal muscle tone in at least one extremity and abnormal control of movement and posture which interfered with or prevented age appropriate activities and a GMFCS score of ≥ 2.
Statistical Analysis
Primary outcome variables included the mean BSID-III Cognitive score, Composite Language score, Expressive Language score, and Receptive Language score. Race and ethnicity group was the primary independent variable. Key medical and psychosocial variables previously shown to adversely impact neurodevelopmental outcomes in at-risk children [14] [15] [16] were specifically chosen as covariates and were collected from the NRN database. Medical and psychosocial variables that were adjusted for included: sex, center, adjusted age at testing, primary caretaker education, birth weight, gestational age, multiple gestation, presence of culture positive nosocomial sepsis, bronchopulmonary dysplasia (BPD), Grade III or IV intraventricular hemorrhage (IVH) or cystic periventricular leukomalacia (PVL), postnatal steroid use, GMFCS Level ≥ 2, and blindness or deafness at 18-22 month follow-up. Center was included as a covariate as a proxy for socioeconomic status, as each center may serve patients of in different socioeconomic strata.
Demographic characteristics of the three groups were compared using chi-square tests for categorical characteristics. BSID-III mean scores were first compared between groups using Analysis of Variance (ANOVA) with BSID-III score as the outcome variable and race and ethnicity category as the sole explanatory variable. Next, multivariable regression modeling using Analysis of Covariance (ANCOVA) was performed to examine the association of BSID-III score with race and ethnicity while controlling for medical and psychosocial variables. The adjusted means from these models were compared among groups and provide an estimate of the mean BSID-III scores by group for the average value of the specified medical and psychosocial confounders included in the model. Adjusted p-values comparing BSID-III score between race and ethnic groups were obtained from this second model. A p-value<0.05 determined statistical significance. Pairwise comparisons between race groups were adjusted for multiple comparisons using the Bonferroni correction.
RESULTS
The study population consisted of 865 extremely preterm children. Population characteristics are shown in Tables I, II, and III.
Cognitive Scale
The mean BSID-III cognitive score was significantly lower than the expected mean of 100 in all three groups. However, the score was significantly higher in the White group than in either the Black or Hispanic-White groups when no adjustment was made for medical or psychosocial covariates (Table IV) . When cognitive scores were adjusted for either medical or psychosocial covariates alone, this difference remained. However, adding medical and psycho-social factors together resulted in loss of significance between groups. Backward selection was then performed, retaining only factors at p≤0.05 level. In this model, birth weight, grade III or IV IVH, nosocomial sepsis, multiple gestation, GMFCS ≥ 2, blindness, sex and primary caretaker education appeared to jointly account for the loss of significance in scores between groups.
Language Scales
The mean BSID-III composite language score was significantly lower than the expected mean of 100 in all three groups. Analyses showed that both the mean composite language score and the receptive and expressive language scale scores were significantly different among the three race and ethnic groups both with and without adjustment for medical and psychosocial covariates. Post-hoc analyses showed that White children had higher scores than the other two groups on all three scales. Composite and expressive language scores were not different between Blacks and Hispanic-White. Although Blacks scored higher than Hispanic-Whites on the receptive language subscale this difference was not significant once adjustment was made.
Early Intervention
In our study population, 63.4% of White infants, 55.1% of Black infants and 54.9% of Hispanic-White infants were reported as needing early intervention. For White infants, 57.8% were receiving early intervention at 18-22 months and an additional 17.9% had received early intervention at some point but discontinued prior to their 18-22 month visit. For Black infants, 43.8% were still receiving early intervention, and 16.8% had received early intervention but discontinued. For Hispanic-White infants, 47.5% were still receiving early intervention, and 20.8% had received early intervention but discontinued. The p-value for comparing receipt of early intervention (yes or no) between race/ethnicity groups was <0.001. Furthermore, infants that received early intervention at any point (discontinued or still receiving) tended to have lower cognition scores, and infants that were still receiving early intervention at 18 to 22 months tended to have lower scores for all language outcomes. As a post-hoc analyses, we included receipt of early intervention in the models described above as an additional covariate. The inclusion of this variable did not change the relationship between race and ethnicity and the cognitive or language scores.
DISCUSSION
We have shown that race and ethnicity are associated with cognitive and language scores on the BSID-III. Even though differences in the cognitive scores were explained by a combination of medical and psychosocial factors, these factors did not account for the differences identified in language scores. The identification of specific medical and psychosocial factors associated with increased risk for cognitive impairment may allow more targeted early intervention. Our finding that language differences were sustained in minority groups regardless of other risk factors provides a compelling argument for focusing early intervention programs on the attainment of language in these groups. In addition, as BSID-III scores were below expected in all three race and ethnic groups included, this study highlights the continued need for monitoring and provision of early intervention in all at-risk groups.
Difficulties with cognition, attention and self-regulation seen in children born at lower birth weights can persist throughout childhood and are associated with an increased incidence of learning difficulties. [1] [2] [3] [4] [5] Because early childhood intervention results in improvements in developmental and social outcomes, 6, 7 early assessment of cognitive functioning in these children is extremely important. We have shown that cognition and language scores were lower for infants receiving early intervention. Receipt of early intervention identified infants in our database that were likely to have lowered cognitive/language scores. It is thus likely that infants that receive early intervention are selected to receive this intervention because caretakers believe they are predisposed to have developmental deficits.
In the current study, we found that BSID-III cognitive scores were no longer different between race and ethnic groups after adjustment for a combination of psychosocial and medical factors. In our previous study using the BSID-II, however, race and ethnic differences remained even after adjustment. 9 This difference may be due to the inclusion of a separate language domain in the BSID-III. Ethnic and cultural influences may be of less concern for cognitive development than previously believed, and our results highlight the importance of conducting future studies of assessment of language development in this population.
In a recent meta-analysis, Aylward 1 found that expressive language skills, such as verbal production and mean length of utterances, were lower in preterm children, and that these skills were susceptible to environmental influences. The BSID-III language scales now provide us with a tool to look specifically at language skills in preterm children, and separate out receptive and expressive language skills. Because receptive language skills were lower in Hispanic-White children than Black children, we speculate that non-English primary language may contribute to this finding. However, language scores were lower in both Black and Hispanic-White children compared with Whites, indicating that language delays may be more prevalent in both groups, but this requires further study.
This study had several important limitations that should be addressed in future studies. First, defining race and ethnicity is often difficult due to the variability in reporting of the measure. For instance, race and ethnicity may be collected via subject self-report, direct observation of the subject, proxy report, or extraction from medical records. This variability may decrease the reliability and validity of the measure. Self-report is the most reliable method of collecting race and ethnicity information, and is thus preferred for data collection and study; 17 this is the method which we utilized. In addition, the Office of Management and Budget has defined minimum acceptable standards for collecting and presenting race and ethnicity data, and we have met those standards. 17 Though we have used the most reliable method of measurement of race/ethnicity, the risk of error in this measurement still exists, and the influence of such an error on the study results is unknown. We have attempted to limit the effect of this possible confounding by including socioeconomic status as a separate variable in the analysis.
Perhaps the greatest limitation of this study is the fact that there is not a standardized Spanish version of the BSID-III, and there is thus no evidence that the BSID-III administered to Spanish-speaking children in the manner that we have described is valid or reliable. There may have been differences in interpretation between test administrators, and the effect of this is unknown. In addition, it is not known whether those children for whom their primary language was identified as Spanish were bilingual Spanish/English speakers or monolingual Spanish speakers. This heterogeneity could bias our results and makes interpretation of the language score data difficult. Further study on how language use during BSID-III administration influences test results is greatly needed. The association between race and ethnicity and language score should not be completely discounted, however, as Black children also scored significantly lower than Whites on the language portion of the BSID-III, and this difference is unexplained by non-English language, as there was only one child in the study identified as Black for whom the primary language was identified as Spanish.
The use of backward selection in our secondary post-hoc analyses may also be a limitation of this study, and in future studies a cross-validation approach might be more useful in identifying predictive factors. The inclusion of receipt of early intervention may also be a limitation of the study, as there was no control for the type of early intervention given; our data collection included only whether or not the child received any early intervention. Early intervention services may be extremely heterogeneous, and future studies should consider comparison of intervention types in at-risk children of different races and ethnicities. Finally, though we have shown important associations between psychosocial factors such as race and ethnicity and medical morbidities with BSID-III scores, our study design does not allow causal inference based upon our results. Though we have attempted to address this by adjusting for medical and psychosocial factors, we do not know whether we have adjusted for all potentially important covariates or confounders. Future studies should be designed to specifically assess whether there is differential prediction of developmental outcomes between groups.
In conclusion, the racial and ethnic group differences on the BSID-III cognitive scale observed in this study were explained by a combination of medical and psychosocial factors. Black and Hispanic-White children were at greater risk for delayed language than White children, highlighting the need for further study and possibly specific programs focused on language skills in these groups. This study provides an important step in better understanding the impact of race and ethnicity on the newly revised BSID-III and has important implications for the refinement of early intervention strategies among children with a history of preterm birth by delineating modifiable factors underlying race and ethnic disparities in neurodevelopmental test results in these children. P-values for 'Mean (StdDev)' rows obtained from an ANOVA model with the score of interest as the outcome and Race/Ethnicity as the explanatory variable. Adjusted means and the corresponding pvalues obtained from an ANCOVA model with the score of interest as the outcome, Race/Ethnicity as the explanatory variable and controlling for medical and socioeconomic factors.
